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SOmE FACTORS ASSOCIATED WITH CHXPKEN'S SOLVING PXRFORMANCE

ON FOUR TyPES OF MATHEMATICAL OPEN SENTENCES

ABSTRACT

In this study the relationship between children's performance in
solving certain open sentences and three factors (Open Sentence Type, Number
size, Context) associated with these open sentences was investigated.
Sixteen open'sentenCe sOl.Ving tasks were individually presented to each of
thirty-two randomly selected third grade children.

Multivgriate analysis of variance 9n the number of correct solutions

on linear combinations Of solving tasks indicated that there were significant
differences in children!s solving performance on the four types of open
sentences and on the two levels of number size. There also was a signifi-
cant Open Sentence Type X Number Size Interaction.

PROB A, RATIONALEc AND BACKGROUND

The pufpose of ithis study was to Ovestigate the relationship between

children's performance in solving certain ppen sentences and three factqrs

Open SentenCe Type, NuMber Size, Context) associated with these open

sentences. A disting4i*ing feature of ceptemporary mathematics programs is

the prominence Of oPen 0e4enoes at every grade level. In the primary grades

children regularly eneounter open sentences such as 7 + 2 = C3 8 + 15,

9 - 6 cm C2, qn4 otbeXs; Much pf this experience with open sentences is

associated with the dove pment of computation or problem solving skills. In

spite of their impprtange in the mathematilos curriculum very little research

has focused pn the many important facets pf open sentences. Consequently,

many curricUlar an4 inativetional decisOns have not been made with the aid

of sufficiellt research evidenee The aim qf this study was to begin to
A

alleviate thia situation by answering several questions associated with third

grade childrens performance in solving open sentences. The questions
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centered around the relationship between solving performance (i.e., number

of correct solutions) and the type of open sentence being solved, the size

of the numbers involved, and the presence of a verbal problem. Each of

these relationships will now be discussed in more detail.

Op n Sentence Types

In examining the research literature it quickly became apparent that

research pertaining to children performance levels on different types of

open sentences was needed. Other than the classical studies concerned wiLh

the relative difficulty of the basic facts very few studies have been

reported on this issue. For an overview and references concerning this

literature see Grouws (1971).

The variety of open sentences which appear in mathematics, even when

r stricted to school mathematics programs, is very large. Therefore, to

keep the investigation within manageable size the kinds of open sentences

studied were delimited.

The open sentences considered are commonly referred to in mathematif.;6

as first degree equations in one variable. In particular, the four open

sentence types studied in this investigation were: N 1- a = b, a 4- N = b,

N - a = br and a - N = b where in each type, N was a placeholder for a

number, and a and b were whole numbers. Table I lists these four open

sentence types and the labels used to refer to each.
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Table 1

The Four Types of Open Sentences

Studied in this Investigation

Labels

Type 1 Type 2 Type 3 Type 4

Open
entence
Tytles

N + a --72 b a + N = b a - N = b N - a = b

Note -- N is a placeholder f r a number and a and b are whole numbers.. .

The rationale for sel cting these open sentence types was based on

f ur considerations. First, equations involving variables are important

mathematically and socially. Second, first degree equations in one variable

involving addition and subtraction are basic members of this set of equations,

and are the equations given the first broad coverage in contemporary

mathematics programs. Third, first degree equations in one variable

--lying addition er- subtraction where the particular operation specified

occurs in the left member of the equation (e.g., 4 + N = 9) are much more

common in school mathematics programs than similar equations where the

operation is specified in the right member of the equation (e.g., 8 = + N).

Conr3equontly, only "operation left" equations w re considered since some

familiarity with the open sentences used was deemed desirable.

Fourth, solving equations in canonical form that is where the

placeholder occurs by itself in one member of the equation (e.g., 14 + 37 =N

volves straight-forward processing of numerals (i.e., use of traditional

alT,orithms) to obtain a standard nmme, and is frequently mastered far in

adv nce of the abili,y to solve equations not in this form (e.g.,

14 + N = 49). Since methods of solution were of concern, in an aspect of

4
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the in--stigation not being r ported here, equations in canonical form were

excluded from the study.

:size

is 9 N 16 _a ier to solve than 39 4- N 85 To what extent.

What part do computation errors play in any differ nces that exist? AnsweFs

to questions such as these were deemed of inLerest since they have

ortant implioati ns. It was decided, therefore, to examine the relation-

ship betwen solving performance and the m -itude of the nurbers in the

open entcnces being solved. Only whole numbers were studied in this

investigation. The deciLlion to use vholo numbers was based on the need

ke p the size of th study within manar7eab1e bounds and the following

assertions. First, whole nu .bers are certainly one of the basic sets of

n-s designated for dy in contemporay mathematics curricula. There-

fore, cl:ntrtion cc these nuMbers was important. Se ond, the whole

n=bers are the set of numbers initially used in school mathematics programs

in restricted set cf open sentences studied in this

res arch. "hus, to minimise transfer of training from any previous work

cr,en sentences the set of whole numbers was a natural choice.

Clea y, the exclu use of whole numbers as ccnstants provided

neit.hc a rr. cmining t- influence of number size on solving

performance nor a control for the magnitude of the whole numbers urd when

examining other factors. To solve the first part of this pro!A_em two

di sjont subsets of the cet of whole nur:ers were .elected and perfor.,ance

associated with each eventually cem.oa ed. These sub ets were chosen to meet

rtain criteria. The fir t criterion was that the whole numbers in each

of the su' ets O familiar to the third-grade children involved.
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s.:,eend cL.itorion ,::as that the chil(Iren hn operience in find:1/2g

and differenses of I'

5

rs ef the same magnitude as th se in each of the

ts cho_en. e third criterion was that the subsets of the whole

i--,-bers chosen must a1le-1, to a reasonable extent, the factor of number

size ( agnitude) to or-erate.

Cn the basis of the preceding criteria t;o jisjoint subsets were

ified. One of these subsets c lled the Basic Fact domain, was

co:usosed of whole nua.bers less than 19. The other subset called the Two-

d-TI"in in(-1u-16-d wh 'e nu:ers greater than 20 t'ut 1_-!ss than 99.

Obviously, e h whole number in the bas fa-,t domain was of

rgnitzie than any whole number in the Two digit d ms4n.

the conf;tncs in any c'sen sentence used in the investigation were chose-

only one domain. Therefore, as a result of this systematic choice of

ev:Ldence pertaining to the influence of nur:'e size was

j_ pciica72y, data were generated on differences in children's

en sentene-es due to the magnituf_e of th tho1e

n=7De:: e1/2muln from which the con: tants were selected.

Vin lly, the :ei:ho used to control f r n :Jser size in determinin- the

lack of relationship) csf other factors to solvi g

ferAlance Is discussed later.

Context

Fro::uently cs2 n ::3-ntenoes ar, used as prt of a verbal problem

soliing technique. The usual procedure inN lves writing an open sentence

whiciL dels the mathematical conditions expresced in the verbal problem.

5:olutie:- set of this sert nce is then detelmined -nd related bnek to

giv n problem in expressing the ans.-ier. A cueticn investigated was
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wIlener solving an open sentence was related to the presence or absence cf

a verbal problem. This factor, pertaining to the influence of a verbal

blem on the solving of a related open sentence, was called the context

fa tor and had two levels. They were called the verbal-symbolic context

and th context. Tha essential difference between these two

levels was that in the former an appropriate verbal problem was presented

with each open sentence to be solved and in the later, verbal problems

were e: luded from the open sentence solving tasks.

No research on the influence of verbal pr blems on the solving of

coen sentences was found in the literature. Since o ly one kind of verbal

prelems was used in the study this facet of the investiga 'on is primarily

e,Iplcratory in nature. Exact specificaticns concerning the verbal prcblems

;17ed are stated later.

q Factors

lse cf interest in the study were questions concerning interactions

among the three factors just discussed. For example, are children's solving

rerforance levels on the four types of open sentences studied, similar

within ench of the levels of the number size factor? One aim of the ottray

vns to f!.r.d an answer to -this question and other questions related to

intera:tions among the th factors.

The Study

Specifications for 16 test items, each involving an open sentence,

we!:.e developed so that chilfren's perfommance associated with the faceors

cf inte est could be systematically measured. Details concerning the

e7nerimantal design, the sample, the test, the test administration

prece0.ure, the data, and the statistics are presented in the follcwing parts.

7
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The E tal Design

The design of the study with respect to subjects ves a 2 X 2

torial design. Sex and two levels of Order of Presentation make up the

di= n ions of this design. With respect to the sixteen repeated measures,

these form a 4 X 2 X 2 design given by four types of open sentences, two

number sizes and two contexts. All factors in these designs are fixed.

A representation of the design is given in Table 2.

Saerle

Thirty-two third-grade children selected from the Madison (Wisconsin)

:Celle Schools formed the sample for this study. Three elementary scheols

frem the city's thirty-four elementary schools were identified as

eepresentative of the elementary schools of the district by the mathematics

eencultant of the district. Sixteen boys and sixteen girls were ranlomly

eelected from the third-grade children attending the three selected

ee: ols. The order of selection was recorded and used later in the study.

Each of the thirty-two children in the sample was given sixteen

ereblem situations. The name sixteen problem situations were given to

eeeh child.. A problem situation wae an open sentence an open sentence

41d a verbal problem. These problem situations were completely ceossed with

eee-pect to the factors of: open sentence type (4 levels) number size

Y2 levels), and context (2 levels) (see Table 1). The problem situationc

were also balanced with regard to this crossing; that is, exactly one

preblem situation was generated from each cell of a 4 X 2 X 2 matrix where

the four rows of the matrix represented the levels of the open sentence

type factor, the two columns the levels of the number size factor, and the

teeo layers the levels of the context,factor (see figure 1).
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Table 4

Classification of Prob2em Situations by Context, Number Domain,

and Open Sentence Type

ProblLm
Situations

A

F

0

Factor

Cont t

Symbolic

Symbolic

Symbolic

Symbolic

Symbolic

Symbolic

Symbolic

Symbolic

Ver!-al-Symbolic

Verbal-Symbolic

Verbal-Symbolic

Verbal-Symbolic

Verbal-Symbolic

Verbal-Symbolic

Verbal-Symbolic

Verbal-Symbolic

Open
Number Domain

Basic Fact

Basic Fact

Basic Fact

Basic Fact

Two Digit

Two Digit

Two Digit

Two Digit

Dasic

Basic

Basic

Fact

Fact

Fact

Basic Fact

Two Digit

Two Digit

Two Digit

Two Digit

10
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Figure 1

Representation of the Problem Situations

Verbal-Symbolic

Symbolic

x = y

x + N = y

X N = y

Basic Facts Two Digit

Note: n is a placeholder and x and z are whole numbers.
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A problem situation in the symbolic context was an open sentence,

A problem situation in the verbal-symbolic context was composed of an open

sentence and a verbal problem. The open sentence used in a particular

problem situati n reflected the onen sentence type and the number size

associated with the given problem situation. For example, problem situation

E (see Table 4) was a type I open sentence composed of numbers from the

Two-digit number domain. The systematic methods used to generate open

sentences and verbal problems appropriate to given problem situations is

described later.

Although each child in the sample received the same 16 problem

situations (i.e., A, B, C, D, P) the order of presentation was not

identical across children. The order of presentation was such that simple

order effects due to the context factor were controlled. Although no item

sequence effects were anticipated,as a safeguard latin squares were used to

counterbalance for any such effects. Thus, each problem situation appeared

exactly twice in each of the sixteen item positions.

Two number domains from which open sentences were generated were

chosen to represent the bdo levels of the number size factor. The first

domain called the Basic Fact domain, consisted of ordered triples defined

f

as follows:
1 t(a,b,c) I a,b,ce Counting Numbers, a + b c, a b, ll< c

<18, 1 <a _9, 1 < b < 9). From the thirty-two triples in this domain

eight triples were randomly selected without replacement for use in this

study. The thirty-two triples in this domain and the eight triples

selected from it are defined in Table 5. The second number domain called

1Note that the domains are composed of ordered triples of whole

numbers rather than a subset of the set of whole numbers as previously

indicated. Use of ordered triples facilitated systematic item construction.

12
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the Two-di it domain, c n isted of ordered triples defined as follows:

f(a,b,c) I a,b cc Counting Numbers, a b = c, a b, 42 < c < 99, 21

a <78 21 < b < 78, and the sum of the units digits of a and b is

greater than 91. From the 660 triples in this domain eight triples were

randomly selected without replacement for use in this study. These eight

triples are displayed in Table 6.

Open Sentence Generation

Given a triple from either number domain, say (a,b,c), then the

Type I open sentence generated from this triple for use in the study was

N b = c (henceforth, N is used as a placeholder for a number ), the

Number Triples

Table 5

in the Basic Facts Domain

(,9,11) (5,8,13) (7,6,13)t (8,9,17) *

(3,8,11)* (5,9,14) (7,8,15) (9,2,11)

(3,9,12) (6,5,11) (7,9,16) (9,3,12)

(4,7,11) * (6,7,13) 8,3,11) (9,4,13)

(4,8,12) (6,8,14) (8,4,12) (9,5,14)

(4,9,13)* (6,9,15)* 8,5,13)* (9,6,15)

(5,9,14) (7,4,11) (8,6,14) (9,7,16)

(5,7,12) (712) (8,7,15) (9,8,17)*

*Number Triples randomly chosen from this domain for use in the study.

Table 6

Two-digit Domain Triples used in the Study

L9,21,60)

(24,39,63)

62,28,90)

(58,35,93)

(66,27,93)

(55,36,91)

(71,19,90)

(37,54,91)
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Type II open sentence was a + N = c, the Type III open sentence was c =a.

For example, given the ordered triple (39 21,60) then the Type I open

sentence generated from this triple was N 21 = 60, the Type II open

sentence was 39 + N = 60, the Type III open sentence was 60 N = 39, and

the Type IV open sentence was N - 21 = 39.

In order to generate verbal problems to be associated with the open

sentences considered in this study an algorithm was developed such that

given an open sentence type, an ordered triple, a proper name and a name

for a set of concrete objects, then a well-Cefined verbal problem unique to

these four inputs was easily written. This was accomplished by constructing

a verbal problem form for each of the four open sentence types (see Table 7).

The procedure for c-nstructing appropriate verbal problems thus becomes a

simple substitution process. For example, given the open sentence type

N + X = y then the associated verbal problem form is as follows:

You have some (!pbject4 (Name) gives you (10(objects).

You now have (y) (objects). How many (objectg) did (Name)

give to you?

Also, given (4,7,11) Judy, and stamps as the other three inputs then by

substitution the unique verbal problem determined is as follows:

You have some stamps. Judy gives you 7 stamps. You now

have 11 stamps. How many stamps did Judy give to you?

In summary, open sentence and verbal problem generation involved

processes which were systematic in nature allowing for random selection and

assignment wherever possible. For further details concerning test

construction see Grouws (1971).
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Test Administraticn

Each of the thirty-two tests was administered in two parts. Part I
-

'consisted of the first eight problem situations on any given test and

Part II consisted of the remaining eight problem situations. Part I testing

was done during the first seven days of April 1971 and Part II testing was

completed during the period April 19-22, 1971. All testing was done on an

individual basis by this researcher in a room apart from the child's

regular classroom. Only the child and the interviewer were present during

the testing. Testing time was approximately 15 minutes on each part. Each

child was giv , as much time as he wanted on each item.

The S atistics

The numerical responses recorded on the Interview Coding Form were

scored after the completion of testing. A score of 1 was assigned to those

situations where the child's numerical response was the correct solution

f the open sentence involved. All other situations were given a score of

0. The data on the numerical responses were computer analyzed (Finn, 1967)

using appropriate MANOVA procedures which take account of the fixed model

and the repeated measures. Differences in means associated with the Order

of Presentation variable were tested using a t-test for differences between mean

means associated with independent samples. The .05 level of significance

was used in all decision making.

RESULTS

Table 8 lists the number of correct responses on each of the sixteen

problem situations. The total number of correct responses was 286 of a

possible total of 512 (32 children x 16 problem situations). The mean number

of correct responses per child was 894 and the variance of the distribution

of the children's response scores was 14.90.
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Statistical tests showed no significant difference between boys' and

girls' solving performance on the 16 item test (see Tables 9 and 10). There

also were no significant order effects.

Table 9

Total Response Score Data by Sex

Sex
Number of
Correct
Responses

Percent of Total
Correct Responses

(286)

Mean
Correct

Responses

Boys 16 144 50.3 9.00

Girls 16 142 49.6 8.88

Boys &
Girls 32 286 100.0 8.94

Table 10

ANOVA on Total Response Scores
for a Sex Main Effect

Bypothesis Error MS

pboys = = 0 .9620

df

.0078 (1,30)

F-ratio

.0081

p less than

.9288

Open Sentence Type

The sixteen test items were grouped according to the type of open

sentence included. The number of test items in each of the four open

sentence type groups was four. Information concerning solving performance

on each open sentence type is summarized in Table 11.

18
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Table 11

Summary of Data on Open Sentence Types

Open Sentence
Type

Number of
Items/Test

Total Number
of Items

Number of
Correct

Responses

Mean
Correct
Responses

4 128 77 2.40

II 4 128 83 2.59

III 4 128 79 2.47

IV 4 128 47 1.47

Total 16 512 286 8.94

The total number of correct responses was 77 or 60.2 percent of the

possible total of 128 (4 problem situations x 32 children) on problem

situations involving Type I (N + a = b) open sentences, 83 or 64.8 percent

on Type II (a + N = b), 79 or 61.7 percent on Type III (a - N = b), and 47

36.7 percent on Type IV (N - a = b). The mean number of correct

responses was 2.40 on problem situations containing a Type I open sentence,

2.59 on Type II, 2.47 on Type III, and 1.47 on Type IV.

Since there were four levels of the open sentence type factor, three

independent contrasts among means could be made. The results of the

statistical tests related to the open sentence type factor are shown in

Table 12. A multivariate test, which takes account of the correlation

between measures, was performed to simultaneously test the nullity of the

grand means of the three dependent measures. The results of this test

the obtained probability of the r suiting test statistic) prompted

consideration of the univariate hypotheses.

The first univariate test indicated that performance on test items

involving Type I open sentences was not statistically different from the

average performance on test items involving Type II, Type III, or Type IV
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open sentences. The second univariate test indicated that performance on

test items involving open sentences of Type II was statistically different

from the average performance on test items involving Type III or Type IV

open sentences. The number of correct responses on each open sentence

type (see Table 11) indicated that the performance on Type II open sentences

vqts better than the average performance across Types III and IV. The third

univariate test indicated that performance on open sentences of Type III

was different from the performance on open sentences of Type IV. Number

of correct responses on problem situations associated with these types

(see Table 11) indicated that the better performance was on Type III open

sentences.

Number Size

Each of the sixteen items on the test was placed in one of two

categories according to the magnitude of the constants in the associated

open sentence. One category contained the eight problem situations involving

open sentences with constants drawn from the Basic Fact domain. The other

category contained the remaining eight problem situations which involved

open sentences with constants drawn from the Two-digit domain. Table 13

summarizes data on the number size factor.

Table 13

Summary of Data on Number Size

--
Number
Size

Number of
Items/Test

Total Number
of Items

Number of
Correct
Responses

Mean
Correct
Responses

Basic Facts 8 256 200 6.24

Two-digit 8 256 86 2.69

Total 16 512 286 8.94
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The total number of correct respoLses on problem situations in the

Basic Facts category was 200 or 78.1 percent of the possible total of 256

(8 items x 32 children). For the problem situations in the Two-digit

category the total number of correct responses was 86 or 33.6 percent of

the possible total of 256. The mean number of correct responses was 6.25

and 2.69 for the eight Basic Fact items and the eight Two-digit items,

respectively.

The two levels of the number size factor implied that only one

independent contrast could be made. The results of the univariate test for

a main effect (see Table 14) indicated that a difference in performance did

exist, and examination of the number of correct response:. (see Table 13)

implied that the better performance was on the items involving open

sentences with constants selected from the Basic Facts domain.

Context

The sixteen items (problem situations) on the test were divided into

two categories according to whether a verbal problem was involved. The

eight items in the symbolic context group did not involve a verbal problem,

and the eight items in the verbal-symbolic context group did involve a

verbal problem. Data related to the context factor are summarized in

Table 15.

Table 14

ANOVA for a Number Size Main Effect

Hypothesis Error MS df F-ratio p less than

II(NBF) (NT_d) 0 .2536 25.3828 1,30) 100.0719 .0001
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Table 15

Summary of Data on the Context Factor

Context Number of
Items/Test

Total Number
of Items

Number of
Correct
Responses

Mean
Correct
Responses

Symbolic 8 256 139 4.34

Verbal-Symbolic 8 256 147 4.59

Total 16 512 286 8.94

The total number of correct responses on the symbolic context problem

situations was 139 or 54.3 percent of the possible total of 256 (8 items x

32 children). For verbal-symbolic context problem situations the total

number of correct responses was 147 or 57.4 percent of the possible total

ef 256. The mean number of correct responses was 4.34 and 4,59 for the

eight problem situations in each context, respectively.

The univariate test for a context main effect was not significant

(see Table 16). Thus, mean performance on symbolic context problem

situations was not statistically different from the mean performance on

the verbal-symbolic context problem situations.

Table 16

ANOVA for a Context Main Effect

flypothesis Error MS df

11 (Cs) P(C = 0 .1823 .1250 (1,30)

F-ratio

.6857

p less than

.4142

Interactions
.

The only interaction among factors that was statistically significant

was the Open Sentence Type X Number Size interaction. The statistical tests-

on the contrasts associated with this interaction are summarized in Table 17.

23
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Table 17

Summary of Tests on Open Sentence Type X

Number Size Interaction

Hypothesis Error iIS df F-ratio p less than

Multivariate (3,28) 3.6479 .0245

(1) .0866 .2109 (1,30) 2.4349 .1292

(2) .1858 1.1719 (1,30) 6.3084 .0177

.2281 1.8906 (1,30) 8.2877 .0073

The three contrasts investigated were;

(1) P(S
I,BF ) + 1/3 P(SIIT + S S,d III,T-d +

IV,T-d )

P(S 1/3 P(S s S ) 0I,T d II,BF III,BF IV,SF

42)1.1(S-4-1/2u(IV,T-dII BF SIII +S
,BF

p(S II,T-d

PCSIII03F )

1/2 p(SIII,BF sIV T-d - 1/2 SIII,T-d SIV, BF

1/2

Where Si i = I, II, III, IV; j = BF Basic Facts, 11.1:1 Twoimdigit) was

perfiarmance over problem situations involving an i type open sentence whose

constants were from the j number domain.

CONCLUSIONS

On the basis of the data collected and the statistical tests used

there is no evidence to support the existence of a difference in boys and

girls' overall solving performance on open sentences of the kinds considered

in this research. Also there is no reason to assume that the order in which

open sentences are presented in testing situations influence children's

performance in solving them.
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Figure 2 is a graphic display illustrating the OPen Sentence Type X

Number Size Interaction.

Total
Number of
Correct
Responses

Figure 2

Representation of Open Sentence

Type X Number Size Interaction

Basic Facts

Two-digit_

Open Sentence Type
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Open Sentence Type

The results of the statistical tests previously reported support the

conclusion that there are differences in children's solving p rformance on

the four types of open sentences considered. These differences are

illustrated in Figure 3 in terms of the number of correct responses

associated with each open sentence type. Clearly, open sentences of the

N a = b type are substantially more difficult than open sentences of the

types N + a - b, a + N = b, and a - N = b. This also holds in each context

i.e., symbolic and verbal-symbolic) and each number domain (i.e., Basic

Fact and Two-digit) although the difference between the N a = b type open

sentence and each of the other three open sentence types is not as pro-

nounced in situations involving Two-digit constants.

It should be noted that the part of the conclusion concerning the

difficulty of N + a = b and N a = b type open sentences is exactly

opposite of the conclusion drawn by Suppes (Suppes et al., 1968, pp. 240-

241). However, the data used to support Suppes' conclusion was not

explicitly stated. Weaver's raw data2 tends to confirm the conclusion

reported here; namely, that N - a = b type open sentences are more difficult

to solve than N + a = b type open sentences.

Three comments, each of a tentative nature, are in order. First, the

evidence from the present study does not support Suppes' (Suppes et al., 1968)

conclusion that there are substantial differences in the difficulty of open

ntences of the type N + a = b and the type a + N = b.

2Unpublished report made by Professor J. F. Weaver to the Madison
(Wisconsin) Public Schools during the 1970-71 academic year.
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Figure 3

Re r sentation of Solving Performance

on Open Sentences by Type

ber of
rrect 70
ponses

a + N =,b N = b N - a = b

Open Sentence Type
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Second, examination of the data indicates that the four open sentence

types considered in this study can be placed in order of difficulty by

first considering placeholder position and then considering the operation

involved. That is, the placeholder in the initial position (i.e. N - a = b

or N a = b) is the most difficult and within each of the two placeholder

positions the open sentence type involving subtraction is most difficult.

Third, the relatively poor performance on Type IV open sentences

(i.e., N - a = b) may reflect the relative am=it of exposure children

experience with respect to this type of open sentence as compared to other

types of open sentences. Alternatively or concomitantly, this type of

open sentence may be inherently more difficult to solve than the other

three types of open sentences. That is, more time (or practice, or

instruction, etc.) may be required for children to reach a certain pro-

ficiency in solving this type of open sentence than to reach the same

degree of solving proficiency on the other three types of open sentences.

Number Si e

From the results related to the number size factor it can be con-

cluded that the magnitude of the whole numbers used as constants in open

sentences of the types considered is related to children's solving

performance. Specifically, open sentences with constants from the Two-di

domain are much more difficult for children to solve than open sentences wi

with constants from the Basic Fact domain.

As in the previous section this divergent performance may be

attributable to opportunity to learn, or to specificity of learning, or

both. However, in either case the assumption that children who can solve

open sentences with small whole numbers as constants can also solve the

28
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same type of open sentence with whole numbers of larger magnitude as con-

stants was not upheld. It is also interesting that the interviewer observed

very few situations (i.e., less than 16) where a child did not correctly

solve a "Two-digit open sentence" due to an error in the processing of a

sum or difference using the traditional algorithms. Hence, it seems that

not only are open sentences containing larger constants more difficult to

solve, b t the difficulty apparently involves something more than the

computational complexity of processing larger numbers.

Context

From the results previously reported it may be concluded that the

presence or absence of a verbal problem did not influence children's solving

performance. At least two important things must be kept in mind with regard

to this conclusion. First, only a very restricted subset of verbal pr blems

was considered in this study. Hence different results may have been

obtained if a different subset of verbal problems had been used. Second,

the potential influence of this factor may not be reflected in the data

because little if any attenti n is given to the relationship between open

sentences and verbal problems in the instructional program associated with

the sample children's mathematics classes.

Interactions

In addition to the statistically significant main effects due to

open Sent noetype and number size there was a significant interaction

between these two factors. This interaction involved the extreme

difficulty of the N a = b type open sentences. Interpretation of this

interaction may be summed up by saying that the N - a = b type open
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sentences were so difficult that the influence of number size was

obscured or did not operate.

InPLICATIONS

It was previously concluded that boys' and girls' performance are

very similar when solving certain open sentences. Put another way, there

were no data from this study which suggests that different instruction

for boys and for girls is necessary or desirable.

Although the data indicate that one particular order of presentation

effect did not exist it is essential that this result not be misinterpreted.

That is, this conclusion is not related to instructional sequencing. In

fact, the order in which open sentences of different kinds are presented

in children's mathematics classes could very well affect their achievement

in solving open sentences.

Although a full explanation of the differences in solving performance

on the open sentence types is not possible at this time, the large

differences in solving performance have instructional implications. If it

expected that children at this level should be able to solve equally

well open sentences of the four types studied, then attention must be

given to the N - a = b type of open sentence. This attention may take many

forms; for example a new instructional approach may be needed, or more

practice on this type of open sentence may be required.

If an objective of mathematics instruction at the third-grade level

is "good" solving performance on open sentences with constants from the

Two-digit domain, then current instruction must be reconsidered. That is

if third-grade children are expected to solve open sentences with constants
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from the Two-digit domain as well as they solve open sentences with

constants from the Basic Fact domain, then something different must take

place in the children's learning experiences. For example, more explicit

instruction on the relationship between open sentences such as 38 + N = 49

and 7 + N = 16 (i.e., sentences with the placeholder in the same position)

may be desirable. Optimal procedures can only be determined after careful

study.

The presence of an appropriate verbal problem did not seem to

influence the solving of open sentences. However, this should not preclude

exploiting the naturel ties between these two important mathematical

topics. In fact, increased emphasis on these ties may be worth

considering.

SUGGESTIONS FOR FUTURE RESEARCH

The results and conclusions reported in this paper need to be examined

for validity with children of different mathematical backgrounds. The

present study also needs to be extended to other open sentence types

involving other operations and other number domains. For example, the

operations of multiplication and division and the number domains composed

of integers and rational numbers seem to be a plausible next step. Also,

there is a need to examine other factors such as symmetric form (e.g.,

N + a = b and b = N + a) across operations and number domains.

Investigations related to the research reported here whe e the

opportunity to learn factor is held constant are also needed. In addition,

a feasibility study involving the "effectiveness" of teaching a systematic

method of solving open sentences of various types to third-grade children

would be of interest.
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